The presence of water-soluble vitamin D and 25-OH-D sulfates in human breast and cow's milk was studied. We first confirmed that synthetic vitamin D2 and D3 sulfates could not be hydrolyzed by alkali but by acid. Breast or cow's milk was separated into milk whey containing water-soluble components and milk curd containing crude proteins and lipophilic components. The separated milk whey and curd were hydrolyzed by acid or alkali and each lipid extract was subjected to HPLC analysis. Neither peak due to vitamin D and 25-OH-D was observed in the chromatograms of acid and alkali-hydrolyzed milk whey, whereas the peaks due to vitamin D3 and 25-OH-D3 were found in the chromatograms of both acid and alkali-hydrolyzed milk curd and there was no significant difference between the respective peak heights. The eluates corresponding to the respective peaks observed on the latter's chromatograms were collected and subjected to UV, HPLC, GC-MS and GLC to identify the existence of vitamin D3 and 25-OH-D3, respectively. We concluded from these results that neither breast nor cow's milk contained water-soluble vitamin D and 25-OH-D sulfates, whereas they 
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HPLC I to measure the rate of production of hydrolyzed vitamin D . Vitamin D3 sulfate could not be hydrolyzed in 1-5N ethanolic KOH solutions as shown in Fig .  1b , though Higaki et al. (13) have reported that vitamin D2 sulfate could be completely hydrolyzed by dissolving the sulfate in ethanolic KOH solutions of a concentration higher than 2N and refluxing for 30min . Since similar results were also obtained on vitamin D2 sulfate, we concluded that vitamin D2 and D 3 sulfates could not be hydrolyzed by alkali-saponification.
2. Hydrolysis of human breast milk curd and whey with acid or alkali According to EXPERIMENTAL, 200ml of human breast milk was separated into milk curd and whey which were lyophilized and powdered. The powdered milk curd or whey was hydrolyzed with acid or alkali. Each lipid extract was applied to the reversed-phase HPLC and the vitamin D and 25-OH-D fractions collected were then subjected to the straight-phase HPLC I and II, respectively. The profiles are shown in Figs. 2 and 3 . As shown in these figures, the peaks corresponding to vita min D3 and 25-OH-D3 were observed in the profiles of milk curd in both chromato grams of acid solvolysis and alkali saponification, whereas no peak due to the two compounds was found in those of milk whey. No significant difference between the respective peak heights on the acid and alkali hydrolyzed milk curd was obtained. The concentrations of vitamin D3 and 25-OH-D3 calculated by the peak heights were about 125 and 350ng/liter, respectively.
Identification of vitamin D3 and 25-OH-D3 in human breast milk curd
The eluates corresponding to vitamin D3 and 25-OH-D3 observed in the chromatograms of milk curd (Figs. 2 and 3) were collected and used for the analysis of UV, HPLC, GC-MS and GLC. As shown in Table 1 , the analytical data agreed with those of the respective authentic compounds.
Identification of vitamin D3 and 25-OH-D3 in cow's milk curd
According to EXPERIMENTAL, 200ml of cow's milk was separated into milk curd and whey. Each was treated similarly as with human breast milk. The chromatograms of the straight-phase HPLC I and II on the milk curd and whey were quite similar to those shown in Figs. 2 and 3 , respectively. The concentrations of vitamin D3 and 25-OH-D3 calculated by the peak heights were about 420 and 370ng/liter, respectively.
Similarly to human breast milk, the eluates corresponding to vitamin D3 and 25-OH-D3 were used for instrumental analysis and the two compounds was also identified in the milk curd. Table 1 (Fig. 5a ), while the one radioactive peak corresponding to 25-OH-D3 was in the latter (Fig. 5b) . Table  2 . Fig. 4 . HPLC profiles of the lipid extract of milk obtained from lactating rats pre viously given 3H-D3 or 3H-25-OH-D3. According to EXPERIMENTAL , 3H-D3 (a) or 3 H-25-OH-D3 (b) was perorally administered to lactating rats . The lipid extract of their milk was subjected to the straight-phase HPLC III . lactating rats previously given 3H-D3 or 3H-25-OH-D3. According to EXPERI MENTAL, pups sucked the milk of lactating rats previously given 3H-D3 (a) or 3H -25-OH-D3 (b). The lipid extract of the pups plasma was subjected to the straight phase HPLC III. vitamin D sulfate was saponified and the free vitamin D liberated was extracted with diethyl ether for subjection to SbCl3 and Liebermann color reactions , TLC, and measurement of UV spectrum for identification . Although we re-examined the Sahashi procedure on each 500ml of breast or cow's milk very exactly , we were unable to find any evidence for the existence of vitamin D sulfate in the milk . Sahashi's group (13) also reported that vitamin D2 sulfate could be easily hy drolyzed by alkali saponification in ethanolic solutions of concentrations higher than 2N. However, when we re-examined this, we found that the sulfates of vitamin D2 and D3 could not be hydrolyzed by alkali , as shown in Fig. 1a . Although we repeatedly studied the saponification by changing the concentrations of ethanolic KOH solutions and refluxing times, the sulfates could not be hydrolyzed at all . On the other hand, we found that vitamin D2 and D3 sulfates could be easily hydrolyzed by acid solvolysis, as shown in Fig . 1b . Therefore, we concluded that the sulfates could be hydrolyzed not by alkali but by acid. We cannot understand the reason why Sahashi's group (1, 13) were able to hydrolyze vitamin D2 sulfate with alkali and isolate the free form of vitamin D from the water-soluble layers of breast and cow's milk after alkali saponification. Sulfates of some sterols , e. g., choles terol (14) , dehydroisoandrosterone (15) and corticosteroids (14, 16) , were found in biological materials. It was reported that these sulfates were generally stable in alkali solutions and could be hydrolyzed either by acid or by enzymatic methods to obtain their free forms (14) (15) (16) . Therefore, we do not think that vitamin D sulfate is one of the exceptions. From these results and considerations, we separated human breast or cow's milk into milk curd and whey and then hydrolyzed with acid or alkali according to EXPERIMENTAL. If the milk contains vitamin D sulfate in very high concentrations as reported by Sahashi et al. (1) , a big peak due to the hydrolyzed free form of vitamin D should be observed in the chromatogram of acid solvolyzed milk whey while no peak due to vitamin D should be observed in the chromatogram of alkali saponified milk whey. As shown in. Figs. 2 and 3 , the results showed that no peak due to the free forms of vitamin D and 25-OH-D could be observed in the chromatograms of both acid-solvolyzed and alkali-saponified breast milk whey . On the other hand, the peaks due to vitamin D3 and 25-OH-D3 were clearly observed in the chromatograms of both acid-solvolyzed and alkali-saponified breast milk whey and there was no significant difference between the respective two peak heights , as shown in Figs. 2 and 3 . The observed peaks were respectively identified by the results of UV, HPLC, GC-MS and GLC as shown in Table 1 . Similar results were also obtained on cow's milk curd and whey. We concluded from the results that neither human breast nor cow's milk contained water-soluble vitamin D and 25 -OH-D sulfates, whereas both milk types contained fat-soluble vitamin D3 and 25 -OH-D3.
The concentrations of vitamin D3 in breast and cow's milk calculated from the respective peak heights of the milk curd were 125 and 420ng/liter (5 and 16 .8IU/ liter) while those of 25-OH-D3 were 350 and 270ng/liter , respectively. The data were close to those recently appearing in the literature (17) (18) (19) (20) (21) (10) used HPLC for the isolation of vitamin D sulfate in breast milk, but we thought that the degree of separation of the peak mentioned as the sulfate from other concomitants was insufficient. We do not know if there was a difference between their samples and ours.
As mentioned above, we could find no evidence for the existence of vitamin D sulfate in breast and cow's milk from our various examinations. Greer et al. (8) commented that the story of vitamin D sulfate was a myth and that fat-soluble vitamin D and metabolites should be evaluated for the nutritional status of vitamin D in breast and cow's milk. We agree with Greer's comments from our own experimental results described in this paper.
In order to confirm the above conclusion more certainly, we performed an animal experiment. When 3H-D3 or 3H-25-OH-D3 was perorally administered to lactating mother rats, the radioactivity in their milk was not observed in the water soluble layer but in the fat-soluble layer as shown in Table 2 . The radioactivity in the plasma of the pup suckling the milk was also mainly found in the fat-soluble layer while no significant count was observed in the water-soluble layer. These results also strongly supported our conclusion mentioned above.
As shown in Figs. 4a and 5a, the two radioactive peaks due to vitamin D3 and 25-OH-D3 were observed in the HPLC profiles of the lipid extracts of the milk obtained from 3H-D3 dosed rats and the suckling pup's plasma. The results strongly suggested that the dosed vitamin D3 itself and the 25-OH-D3 formed in the mother rat's liver were secreted in the milk through the mammary gland and transferred into the suckling pups through the milk. On the other hand, one radioactive peak corresponding to 25-OH-D3 was observed in the HPLC profiles of the milk obtained from the 3H-25-OH-D3 dosed rats and the suckling pup's plasma as shown in Figs. 4b and 5b . The results also suggested that the dosed 25-OH-D3 itself was directly secreted in the milk through the mammary gland and transferred into the suckling pups.
